Abstract
good capacity for direct HCO 3 -utilization. The photosynthetic rate reached 150 times the theoretical CO 2 supply rate at 100 µ molL -1 DIC (pH9.0) in the presence of 10 mmolL -1 K + and 46
times that in the absence of K + , indicating that for pH 9.4-grown P. tricornutum HCO 3 -in the medium is take up through K + -dependent and -independent HCO 3 -transports. The K 1/2 (CO 2 )
values at pH8.2 were about 4 times higher than those at pH 9.0 and whereas the K 1/2 (HCO 3   -) values at pH 8.2 were slightly lower than those at pH 9.0 whether without or with K + , providing farther evidence for the presence of the two HCO 3 -transport patterns in this alga. Photosynthetic rate and affinity for HCO 3 - in the presence of K + , respectively, were about 2-fold and 7-fold higher than those in the absence of K + , indicating that K + -dependent HCO 3 -transport is a predominant pattern of HCO 3 -cellular uptake in low DIC concentration. However, as P. tricornutum was
Introduction
In natural seawater, CO 2 usually accounts for less than 1% of the total dissolved inorganic carbon (DIC), and the predominant form of DIC is . The CO 2 concentration is lower than that required for half the maximal photosynthetic rate, so photosynthesis would be limited by the diffusive entry of CO 2 if photosynthetic organisms depended entirely on ambient dissolved CO 2 for photosynthesis. To maintain efficient photosynthesis, many phytoplankton species have developed CO 2 concentrating mechanisms (CCMs), how to take up DIC across the cellular membranes from the environment is an important part of the CCMs (Raven and Falkowski 1999; Giordano et al. 2005 ).
The characterization of the DIC species utilized from the medium by various phytoplankton has been extensively studied. Most organisms examined up to date can use CO 2 or HCO 3 -or both, but species-specific preferences are observed (Kaplan et However, up to now there had little information on the mechanism of active HCO 3 -uptake in P.
tricornutum. In the present study, we re-examined the inorganic carbon utilization of P.
tricornutum, and gave evidences that K + takes part in HCO 3 -uptake in the marine alga. . The pH compensation points were determined as the pH value when it no longer increased. were estimated from K 1/2 (DIC). The HCO 3 -and CO 2 concentrations at defined DIC levels were calculated according to Chen (1999) .
Materials and Methods

Materials and growth conditions
Measurements of photosynthetic parameters
Chlorophyll a concentration was determined by the spectrophotometric method described by Jeffrey and Humphrey (1975) .
Calculation of the maximum rate of spontaneous CO 2 formation in artificial seawater
The rate of spontaneous formation of CO 2 from HCO 3 -was determined by the following formula according to Miller and Colman (1980) and Matsuda et al.
where K 1 and K 2 , respectively, are the first and second dissociation constants of carbonic acid, and were derived by the following equations described by Goyet where k 1 is the rate constant of the following reaction.
The rate constant of k 1 was derived by the following equation described by Johnson (1982) ln ( 
The value for k 1 was calculated to be 0. According to Johnson (1982) , the rate law for the reaction of CO 2 with water is,
Equation 5 can be simplified following the procedure of Lucas (1975) , by making the assumption that photosynthesizing cells scavenge all CO 2 molecules as rapidly as they are formed by the dehydration of HCO 3 -. Namely, the rate of concern is the gross dehydration of HCO 3 -to CO 2 and so the back reaction was ignored, therefore,
The equilibration between DIC is almost instantaneous in seawater. The HCO 3 -concentration during HCO 3 -dehydration, thus,
The rate of spontaneous formation of CO 2 from HCO 3 -was, therefore, determined as
k d value can be derived by the following equation (Johnson 1982 
Results pH compensation point
The pH values of seawater in a closed system containing cells of P. tricornutum increased with increasing incubation time (Fig. 1 ). There had little difference in the pH drift of seawater between in the presence and in the absence of 100 µ molL -1 AZ, the same maximum values of 10.3 were obtained with and without AZ (Fig. 1) .
Assessment of K + effect on HCO 3 -uptake
To determine whether algae use HCO 3 - (Fig. 1) , and inhibition of extracellular CA by AZ had little effect on photosynthetic rate ( Table 1 µ molL -1 ) had no effect on photosynthetic rate in P. tricornutum (strain CCAP 1052/1A) grown at 36 ppmv CO 2 (pH 9.1 2.0 mmolL -1 DIC), and addition of CA had no effect on the photosynthetic rate. Matsuda et al. (2001) reported that photosynthetic rate and affinity to DIC was not affected with added CA in P. tricornutum (UTEX 640). It suggested that differences between reports on extracellular CA in P. tricornutum were ascribed not only to methodological differences, but also to strain differences.
In cyanobacteria, studies have presented evidence for the presence of at least two HCO 
